Allergic rhinitis (AR) is the inflammation of nasal mucosa due to the type 1 hypersensitivity reactions mediated by immunoglobulin E (IgE) and triggered by certain allergens. The latest concept in allergic disease is the role of regulatory T cells (Treg). Interleukin-2 enhances the function and survival of Treg to perform its function as a controller of effector for forming a tolerant system by suppressing and regulating the homeostasis system. Treg has a transcription factor FoxP3 which plays a role in developing major function of Treg and progression to produce IL-10 and TGF-β. The atopic diseases are caused by a deficiency of Treg. The new perspective is low-dose IL-2 therapy towards autoimmune disease and allergic inflammation. Low-dose IL-2 therapy requires further clinical studies to optimize the dose, time, and the schedule of the IL-2 treatment. FoxP3 has the potential to assist in evaluating the active process of immunological process, which cannot be evaluated by Th1 and Th2 markers, and FoxP3 can be a successful immunotherapy marker.
Introduction
Allergic rhinitis (AR) is an inflammatory disease caused by allergic reactions in atopic patients which previously sensitized at the same allergen, and the release of a chemical mediator in the event of re-exposure with specific allergens [1] . AR symptoms are itchy nose, sneezing, nasal congestion, and rhinorrhea after exposed by allergens mediated by immunoglobulin E (IgE) [2] .
Allergic rhinitis develops from environment, immunologic and genetic roles [3] . Allergic rhinitis is not a dangerous disease, but its symptoms can affect a quality of life [4] . Allergic rhinitis is an unusual disease for people with the age of below 5 years old [5] , with the peak incidence occurred between 17 and 22 years old [6] [7] . The impacts of allergies on the economy are increasing as well.
Between 2000 and 2005, the cost of treating AR almost doubled from $6.1 billion to $11.2 billion, with more than a half of the money spent on prescription medications [8] . The costs that related to the lost productivity, the missed of jobs, and also health care costs incurred by exacerbation of coexisting medical conditions which caused by allergy are more difficult to quantify [9] .
Immunological understanding is important in understanding the pathophysiology, diagnosis, and treatment of the disease. Allergic rhinitis is a disease with symptoms that comes from immunologic abnormalities [1] . The theory of Immunology in AR disease continues to grow. At first, it related to the understanding of the role of Th1 and Th2, afterwards the latest concept of allergic disease continues to the role of regulatory T cells (Treg). Treg produced cytokines interleukin-10 (IL-10) and Transforming Growth Factor-β (TGF-β) [10] . and TGF-β play a role in suppressing specific immune responses Th1 and T2 [11] . Treg reflecting the transcription of forkheadbox factor (FoxP3) that contributes to the development and function of Treg. Treg in its function and survival requires the interleukin-2 (IL-2) [12] . This paper will discuss the role of IL-2 and FoxP3 that affect the pathogenesis of AR. The purpose of this paper is to describe the role of cytokines so that can be considered as the therapy or a sign of the success of the therapy. Int. J. Otolaryngology and Head & Neck Surgery present some peptides from allergens on the major histocompatibility complex (MHC) class II molecule. APC will migrate to adenoid, tonsils or lymph nodes which are then presented on Th0 cells [14] .
The Released histamine from mast cells will be metabolized by histamine N-methyl transferase (HMT) in both epithelial and endothelial cells [14] [15]. The second stage of the elicitation phase is the effector stage. In the effector stage, the release of cytokine and endothelial activation give a result in slow phase reaction soon after the immediate phase. Slow-phase reactions occur in some patients (30% -35%) of allergic rhinitis that occurred between 4 -6 hours after the allergen exposure and persisting for 24 -48 hours. Slow-phase reactions is the occurrence of various kinds of inflammatory cells, especially eosinophil cells as major effector cells in chronic allergic reactions such as allergic rhinitis and bronchial asthma. Eosinophil cells in the movement of blood circulation to tissue or location of allergies influenced by chemotactic factors, through several stages such as the migration of the eosinophil cells from the middle to the edge of the blood vessel wall and begin to reversible bend with endothelial inflammation (rolling), followed by attachment to blood vessel walls mediated by the interaction of endothelial adhesion molecules such as inter cell adhesion molecule-1 (ICAM-1) and vascular cell adhesion molecule-1 (VCAM-1) that are specific to the attachment of eosinophil cells because the eosinophil cells express VLA-4 to be administered with VCAM-1. ICAM-1 is also expressed by the nasal mucosal epithelial cells patients with allergic rhinitis who get specific persistent allergen exposure and become the basic concept of minimal persistent inflammation (MPI) seen in allergic rhinitis to house dust mites (HDM) in symptom-free [15] [16] . Eosinophil was first reported by Paul Ehrlich (1879) on the basis of specific behavior toward painting. The role of eosinophil as pro-inflammatory in chronic allergic disease is the subject of basic research in therapy. Eosinophil in the form of progenitors is derived from the bone marrow, and then the peripheral blood is found in the nasal mucosa of allergic rhinitis patients. Eosinophil in peripheral blood is found in small blood cells (1%) and has a short half-life (8 -18 hours). In the nasal mucosa of allergic rhinitis patients, eosinophil cells play the important role in the pathophysiological changes of allergic rhinitis. This because the content of various chemical mediators such as major basic protein (MBP), eosinophil cationic protein (ECP), eosinophil derived neurotoxin (EDN) and eosinophil peroxidase (EPO) which have the effect of disaggregation and desquamation of the epithelium, cell death, mucosal and mucosal inactivation cell damage due to free radicals [15] [16] . The pathogenesis of Allergic rhinitis can be seen in Figure 1. 
Immunological Role in AR
Immunologic role in AR is about Th1 and Th2 cells balances. Most individuals do not trigger a strong response of Th2 cells to environmental antigens. In atopic patients, a strong response to Th2 that produces cytokines interleukin-4 (IL-4) and interleukin-13 (IL-13) stimulates B lymphocytes to transform into plasma cells that then produce IgE [14] [15] . Thus, the basis of AR treatment is aimed at altering the direction of the T cell response apart from the Th2 dominance or the loose antibody response of IgE by triggering tolerance to T cells against specific allergens or stimulating Treg [12] . The concept of immune response is influenced by the balance between activation receptors and inhibition for all lymphocyte populations including natural killer (NK) cells, B lymphocytes cells and T lymphocytes cells. In T cells, the best known inhibitory receptor is cytotoxic T lymphocyte associated antigen-4 (CTLA-4) and programmed death protein-1 (PD-1). Treg plays a role in suppressing the immune response and maintaining self-tolerance [12] . Allergic rhinitis patients with atopic history indicate Treg deficiency [17] .
Treg produces an interleukin-10 (IL-10) and Transforming Growth Factor-β (TGF-β) cytokine that implies an immune response, with a forkhead box 
Regulator T Cell (Treg)
Treg was originally known as suppressor T cells, and known as one of the subpopulation of T cells. Treg has a proportion of 5% -10% in the CD4 population in the blood circulation as well as those homing in the secondary lymphoid organs [12] . Treg morphology does not show a large difference compared to other T cells, but in general Treg has a size slightly smaller than other lymphocytes [18] . Treg is divided into two types namely natural regulatory T cells (nTreg) and induced T-cell regulator (iTreg) which acts as an immune tolerant [12] . Foxp3 levels in patients with symptomatic atopic were lower than those of asymptomatic atopic patients, but serum levels of IFN-γ, total IgE, and eosinophil were relatively similar [17] [19] [20] . FoxP3 expression increased significantly in patients with allergic rhinitis who received specific immunotherapy (SIT) sublingual pollen for 2 years [21] . There is a positive correlation between the increasing expression of FoxP3 and the increasing of IL-10 and TGF-β in that study [21] . Measurement of FoxP3 levels has the potential to assist in evaluating the active process of immunological processes, which can't be evaluated by Th1 and Th2 markers [17] [20] .
Treg undergoes the activation directly will suppress B-cell activity, inhibiting proliferation and differentiation of natural killer cells (NK). Treg produces cytokines IL-10, and TGF-β and reduces APCs stimulation against T cells. Treg with IL-2R that has a high affinity for IL-2 leads to more consumption and reduces the need for other cells, resulting in decreased proliferation and differentiation of cells whose development requires IL-2 [12] .
Treg found no difference in the amount of allergen dust mite atopic and non-atopic patients. The atopic diseases are cause only by a deficiency of Treg [17] . Treg deficiency can lead to autoimmune and inflammatory diseases [22] . In a genetic-based study, there was an association of AR with FoxP3 genetic polymorphisms in the homozygous allele [23] .
Interleukin-2 (IL-2)
Interleukin-2 is produced by CD4 + , CD8 + , activated T cells, dendritic cells (DC), natural killer (NK) cells and NKT cells [1] . IL-2 have monomer structure with molecular weighted 14-17 kD and receptor (trimeric receptor); 2Rα IL-2Rβ and γc [12] . Interleukin-2 is rapidly excreted within 1 to 2 hours after the recognize antigen,
peaks at approximately 8 to 12 hours and decreases within 24 hours. IL-2 production occurs in multiple signaling pathways and each channel plays an important role for the activation of multiple signaling pathways [12] .
The biological activity of IL-2 is to grow, maintain survival, and as a differentiation factor of T cells that play an important role in responding and controlling the immune response. Because of this, IL-2 is called the T cell growth factor (TCGF) [12] . The activity occurs in the cell itself that secretes IL-2 and other adjacent cells or functions can be referred to as autocrine and paracrine [12] . The survival function of IL-2 is by stimulating Bcl-2 protein which is an anti-apoptotic protein [12] . The increasing secretion of IL-2, IL-2R expression, cyclin, decreased cell cyclin inhibitors result in cell proliferation, and with multiple mechanism T-cell differentiation [12] . The function of IL-2 is maintains the survival and function of Treg to suppress the immune response. In the deficiency condition levels of IL-2 and IL-2R do to proliferation and uncontrolled T cells and B cells, causing autoimmune disease [12] .
In a study of low-dose IL-2 therapy for chronic graft Versus host disease patients occurred the increasing level of Treg [24] . Low-dose IL-2 therapy is also used as a clinical trial concept as specific therapy activates Treg and can control autoimmune and inflammatory diseases [22] . In a genetic-based study were found an increased risk of hay fever on G homozygous alleles IL-2-330 T/G [25] . Int. J. Otolaryngology and Head & Neck Surgery
Interleukin-10 (IL-10)
Interleukin-10 has a heterodimer structure with a molecular weight of 20. In a genetic-based study found an association of atopic patients 68% in allele G variant S138 receptor interleukin-10 [28].
Transforming Growth Factor-β (TGF-β)
Transforming Growth Factor-β (TGF-β) is the first cytokine found in tumor cells that serve as in-vitro-tumor cell survival. Consisting of TGF-β1, TGF-β2
and TGF-β3, most immune system cells synthesize TGF-β1. TGF-β1 is produced by Treg CD4 + , activated macrophage cells and several other cells [12] .
TGF-β is synthesized in the inactive form in Golgi complex in the form of homodimer. The mature TGF-β1 is excreted into the extracellular by an enzymatic process which then binds to the receptor. The TGF-β1 receptor consists of TGF-βRI, TGF-ΒRII with transcription factor SMAD [12] . The function of TGF-β1 is to the in-vitro Treg growth by stimulating the expression of FoxP3. In mice that have lost TGF-β provide a picture of systemic inflammatory disease caused by uncontrolled leucocyte cell activity and lack of function of Treg [12] . TGF-β1 inhibits macrophage activity, other cells such as neutrophils and endothelial cells, and inhibits the activity of Th1 and Th2 cells.
TGF-β1 stimulates the formation of IgA from B-cells seen in Figure 2 . Immunoglobulin A is the antibody required for mucosal defence. TGF-β1 improves tissue repair after local immune reactions and relieves an immune reaction [12] .
In a genetic-based study found genetic variation of IL-10 and TGF-β associated with AR susceptibility [29] .
The following figure is explaining the role of interleukin-2 and FoxP3 in the pathogenesis of allergic rhinitis in Figure 3 .
Conclusions
Interleukin-2 (IL-2) plays an important role in the pathogenesis of allergic rhini- Treatment of allergic rhinitis is based on Allergic Rhinitis and its Impact on Asthma (ARIA) 2008 [2] . Severe AR is an indication of immunotherapy [2] .
Immunotherapy can produce tolerance to allergens with various mechanisms.
Several studies of immunotherapy noted a shift in the profile of cytokines that produced Th2 to Th1 by producing IL-10 both local and systemic, and proving locally elevated only in the nose [30] [31] [32] . Tolerance occurs as a result of an increase from a specific allergen suppressor T cell, and Treg after immunotherapy [33] . A new perspective of the therapeutic approach focuses on administering IL-2 to inflamed tissue in autoimmune and allergic-induced inflammatory cases. Low-dose IL-2 therapy in chronic graft versus host disease increased Treg 24] . However, low-dose IL-2 therapy requires further clinical studies to optimize the dose, time and schedule of IL-2 administration to minimize the adverse effects of IL-2 [34] . Low-dose IL-2 therapy is a clinical trial concept as specific therapy activates Treg and can control autoimmune disease and inflammation [22] .
FoxP3 expression increased significantly in patients with allergic rhinitis who received specific immunotherapy (SIT) sublingual pollen for 2 years. And there is a positive correlation between the increased expression of FoxP3 on increased IL-10 and TGF-β in the study [21] . Measurement of FoxP3 has the potential to assist in evaluating the active process of immunological processes, which can't be evaluated by Th1 and Th2 markers [17] [20] . FoxP3 can be a successful marker of immunotherapy [20] .
